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releasable  to  the  National  Technical  Information  Service  (NTIS) . At  NTIS 
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I'he  Aeroball ist ic  Research  Facility  (ARF)  is  a free  - flight  aerodynamic 
testing  facility.  It  is  a part  of  the  Ballistics  Branch  (DLDL) , Guns,  Rock- 
ets and  Explosives  Division  (.DI.D)  of  the  Air  Force  Armament  Laboratory 
(.AFAi'L) , Amuunent  Development  and  lest  Center  (ADl'C) , Air  Force  Systems 
Coinrcuid  (ALSO . Construction  of  the  facility  was  initiated  in  May  197.2  anti 
completed  in  December  1973.  Installation  of  the  facility's  instrumentation 
began  in  .hinuary  1974  ;uul  was  completed  in  November  1975.  I'he  facility 
became  fully  operational  in  March  197b, 

This  facility  is  designed  primarily  for  exterior  ballistic  tests  of 
projectiles,  although  other  types  of  tests  such  as  air-to-air  missiles  and 
air-to-ground  munitions  are  conducted. 

I'he  purpose  of  this  report  is  to  discuss  the  facility's  capabilities 
with  respect  to  instrumentation,  data  reduction,  test  conditions,  and 
measurement  prec i s i on . 


I 


SECTION  II 

FACILITY  DFSCRUTION 


Fhe  Aeroballist ic  Research  Facility  is  ;m  enclosed,  instrumented,  con- 
crete structure  used  to  examine  the  exterior  ballistics  of  various  free- 
f light  projectiles  (See  Figure  1 A) . The  facility  contains  a gun  room,  control 
room,  mode 1 measurements  room,  blast  chamber,  and  the  instrumented  range. 

The  207-meter  instrumented  length  of  the  range  has  a 3. op-meter  square 
cross  section  for  the  first  09-meters  and  a 4.88-meter  square  cross  section 
for  the  remaining  length.  The  range  has  131  locations  available  as  instru- 
mentation sites.  Each  location  has  a physical  separation  of  1.52-meters 
and  presently  50  of  the  sites  are  used  to  house  fully  instrumented  orthog- 
onal shadowgraph  stations.  The  maximum  shadowgraph  window,  ;m  imaginary- 
circle  in  which  a projectile  in  flight  will  cast  a shadow  on  both  reflective 
screens  is  2.15  meters  in  diameter.  A laser  lighted  photographic  station 
is  located  in  the  upnuige  end  of  the  instrumented  range . This  photographic 
station  yields  four  orthogonal  photographs,  permitting  a complete  300-degree 
view  of  the  projectile  as  it  passes  the  station  on  its  downrange  trajectory. 

A view  looking  down  the  instrumented  portion  of  the  range  is  shown  in 
Figure  IB. 

Four  flash  X-ray  heads  are  located  within  the  blast  chamber.  These 
flash  X-ray  heads  c;in  be  combined  to  form  four  in-line  or  two  orthogonal 
radiographic  stations.  These  stations  provide  inspection  photographs  of 
model  integrity  and  the  model -sabot  separation  process  as  the  model -sabot 
package  exits  the  launcher  muzzle. 

All  the  instrumentation  systems  have  been  designed  and  installed  in 
such  a manner  as  to  permit  the  stations  to  be  movable.  Therefore,  any 
station  can  be  moved  to  .mother  instrumentation  site  in  order  to  accommodate 
special  test  requirements.  The  present  locations  of  the  various  stations 
are  tabulated  in  fable  1. 


I ABU  1.  PRl.SL.M  LOCATIONS  OF  Till' 
RANCL  1 \S IRI IMI.NTA!  ION 


Unit 

Descript  ion  * 

X 

Rav  1 

Two 

orthogonal  views 

X- 

Rav  2 

lor 

tour  single  plane) 

sc. 

**  J 

Two 

orthogonal  views 

sc 

■> 

sc. 

3 

sc 

i 

Laser  1 

Loin 

• orthogonal  views 

SC, 

5 

Two 

orthogonal  views 

sc 

6 

sc 

"7 

sc 

s 

sc 

l) 

Multi  SC  1 

1 . i ght  pilot  os 

SC. 

10 

Two 

orthogonal  views 

SC 

1 1 

SC 

12 

SC 

13 

sc. 

14 

sc 

15 

sc 

16 

sc. 

17 

sc 

18 

sc 

19 

sc 

20 

sc 

21 

sc 

">  -> 

sc 

23 

sc. 

24 

sc 

25 

sc 

26 

sc 

>7 
£ / 

sc 

28 

sc 

29 

Nominal 

Longitudinal  Distance 
From  Range  Origin  (m) 


-S  to  - 1-1 
-0  to  -12 


1 

I'ABLE  1.  PRESENT  LOCATIONS  OF  THE 

RANGE  I NSTRUMENTAT  ION  (CONCLUDED) 

Descript  ion 
Two  orthogonal  views 


*A11  units  yield  two  orthogonal  views  except  where  noted. 
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P.ST  CONDITIONS 


l'he  range  is  an  atmospheric  test  facility  where  the  temperature  and 
relative  humidity  are  controlled  to  22  t l°l!  and  less  than  SO  percent  respec- 
tively. The  facility  is  capable  of  testing  varied  model  sizes  and  configura- 
tions. Some  of  the  models  and  projectiles  previously  tested  or  presently 
scheduled  for  testing  are  shown  in  figure  2.  As  evidenced  by  this  figure 
both  symmetric  and  asymmetric  configurations  can  be  tested.  The  physical 
measurements  of  the  models  (mass,  inertias,  centers-of-mass  and  dimensions! 
are  obtained  on  site,  prior  to  testing  (Reference  1). 

l'he  launchers  and  barrels  presently  available  for  use  are  tabulated  in 
fable  2.  Vs  can  be  seen  from  this  table  a wide  variety  of  barrels  and 
launchers  are  presently  available;  these  include  powder  gluts  and  compressed 
air  launchers.  However,  facility  users  frequently  wish  to  use  special  or 
developmental  launchers  and  these  can  be  readily  adapted  to  the  system.  Tor 
models  requiring  sabots  for  the  launching  process  (figure  3),  the  develop- 
mental testing  of  the  model-sabot  package  normally  is  accomplished  on  an 
open  air  range  (Reference  2)  prior  to  testing  in  the  Aeroballistic  Research 
facility.  1 Airing  this  development  phase  both  high  speed  photography  and 
witness  panels  are  used  to  analyze  the  model-sabot  separation  process  and 
resulting  model  trajectory.  By  conducting  the  development  phase  on  the  open 
air  range  the  risk  of  damage  or  destruction  to  t he  more  sophisticated 
instrumentation  within  the  Aeroballistic  Research  facility  is  minimized. 

The  test  velocities  attainable  within  the  facility  are  a function  of 
the  launcher  used  for  a particular  test  item.  Tests  can  be  conducted  at 
subsonic,  transonic,  and  supersonic  Mach  numbers  (M  = 0.4  to  6).  Since 
the  facility  is  an  atomospheric  test  facility  and  the  temperature  is  control- 
led, Reynolds  number  can  be  varied  only  by  varying  model  scale  for  a par- 
ticular test  velocity. 
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section  iv 


RANGE  INSTRUMENTATION 


SI  IADOIVGRAPI I SYSTHM 

As  previously  mentioned,  the  basic  instrumentation  in  the  range  con- 
sists of  50  dual  plane  orthogonal  spark  shadowgraph  stations,  bach  shadow- 
graph station  consists  of  two  cameras,  two  spark  sources,  two  reflective 
screens,  a power  supply,  and  an  infrared  (IR)  detection  system.  A sketch  of 
a typical  shadowgraph  station  is  shown  in  Figure  4 and  a typical  shadowgram 
is  shown  in  Figure  5. 

The  shadowgraph  camera  body  consists  of  an  aluminum  casting  with  mating 
surfaces  for  lens,  film  back  holder,  spark  gap  housing  and  three  flanges 
for  mounting.  The  lens  is  a 17. 8- centimeter  focal  length  F/2.5  Aero  Ektar 
and  the  back  is  a 10.2  by  12.7  centimeter  Graphlok.  The  solenoid  operated 
shutter  is  a two  leaf  capping  type.  Internally  the  camera  is  equipped  with 
four  fiducial  projectors  which  are  illuminated  by  a single  28-volt  direct 
current  (Vdc)  lamp.  Light  is  piped  to  each  fiducial  projector  by  fiber 
optics.  In  addition,  there  are  12  numeric  light  emitting  diodes  (LEDs)  pro- 
jected at  0.5  magnification  onto  the  edge  of  the  film  for  recording  spark 
function  time  and  other  fixed  data.  The  film  used  is  10.2  by  12.7  centi- 
meters thick  base  Kodak  Royal  X-Pan  film. 

The  spark  gap  uses  a Tobe  Deutsdmuin  coaxial  disc  capacitor  with  the 
cathode,  anode,  and  trigger  of  the  spark  gap  mounted  in  the  center  of  the 
capacitor.  The  light  emerges  axially  through  a 0.10-centimeter  orifice. 

The  capacitor  is  rated  at  20  kilovolts  (kV) , 0.1  microfarads  (MF) , capacitance 
and  1.0  nanohenry  (Nil)  inductance.  The  rise  time  of  the  spark  is  approxi- 
mately 0.1  microsecond  (usee) , with  a total  duration  of  0.2  to  0.5  psec. 

The  spark  is  triggered  with  a lobe  Deutsclmum  model  TG-2  high  voltage  pulse 
generator.  The  capacitor  and  the  spark  gap  arc  mounted  in  an  insulated 
housing  and  this  in  turn  is  attached  to  the  mating  surface  at  the  rear  of 
the  camera.  A photograph  of  the  c;uiiera- spark  assembly  is  shown  in  Figure 
t».  A cross  sectional  view  of  the  spark  gap  showing  the  relative  locations 
of  the  .mode,  cathode  and  coaxial-disk  capacitor  is  shown  in  Figure  7. 

The  power  supply  has  two,  standard,  high  voltage  modules,  one  (-7.5  kV) 
charges  the  high  voltage  pulse  generators  and  the  other  (0-20  kV)  is  used 
for  charging  the  main  capacitor.  These  arc  mounted  on  a chassis  along 
with  dumping  resistors,  a pane 1 meter,  a variac  and  the  low  voltage  trigger. 
The  chassis  is  mounted  in  a wheeled  relay  rack  which  also  accommodates  the 
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chronograph  chassis  and  the  other  camera  and  detector  screen  controls. 

There  is  one  rack  for  each  station,  and  there  are  provisions  for  remotely 
controlling  the  racks  from  the  control  console  located  in  the  control  room. 


The  reflective  screen  material  is  Minnesota  Mining  and  Manufacturing 
Company's  high  gain  reflective  sheeting  laminate  #6711.  The  average  diam- 
eter of  an  individual  lens  element  in  the  screen  is  0.0051  centimeter. 

The  screen  sizes  are  1.22  by  2.44  meters  in  the  upper  portion  of  the  facil- 
ity and  1.22  by  5.66  meters  in  the  down range  portion.  The  screen  material 
is  mounted  on  a polyurethane-aluminum  sandwich  backing  which  in  turn  is 
mounted  to  the  facility  walls  and  ceiling. 


An  Infrared  (IR)  detection  system  used  to  detect  the  approach  of 
ballistic  projectiles  and  trigger  the  spark  sources  is  located  approxi- 
mately 15  centimeters  uprange  of  the  wall  mounted  reflective  screens  at 
each  shadowgraph  station.  The  detection  system  consists  of  an  IR  trans- 
mitter and  detector  mounted  on  opposite  walls  of  the  range.  Each  unit  is 
2.44  meters  in  length  ;uid  has  a cross  section  of  5.08  by  6.99  centimeters. 


The  IR  transmitter  has  a 1.59-centimeter  slit  down  the  entire  length 
of  its  front  face.  Behind  the  slit  there  is  a piece  of  Corning  filter 
glass  to  block  out  the  visible  light  from  the  lumelinc  incandescent  lamps 
that  act  as  the  IR  generator.  The  lumeline  lamps  are  energized  by  a 
low  ripple  150  Vdc  power  supply  contained  in  the  chronograph  chassis. 


The  detector  unit  consists  of  24,  Motorola  MRD  500,  silicon  photo- 
transistors connected  in  parallel.  They  are  spaced  10.2  centimeters  apart 
along  the  length  of  the  detector.  The  detector  has  a 0.52-centimeter 
split  down  its  2.44-meter  front.  The  photo-transistors  have  a 20-degree 
be;un  width.  Due  to  the  fan- shaped  coverage  area  of  one  detector,  the  de- 
tection beams  overlap.  The  combined  output  of  the  photo- transistors  is 
amplified  by  a preamp  which  is  mounted  in  the  center  of  the  detector 
assembly.  The  preamp  used  is  a Fairchild  715  high  frequency  operational 
amplifier.  The  15-Vdc  power  supply  for  the  preamp  and  t he  photo- transis- 
tors is  mounted  in  the  chronograph  chassis. 


CHRONOGRAPH  SYSTEM 


The  chronograph  system  provides  the  required  times  of  flight  as  the 
projectile  traverses  the  instrumented  portion  of  the  range.  Fvent  times, 
corresponding  to  each  spark  source  discharge  arc  obtained  to  a resolution 
of  ± 0.01  nsec  by  electronic  chronographs  located  at  each  of  the  50 
shadowgraph  stations.  Experience  has  indicated  that  both  orthogonal  sparks 
normally  discharge  within  0.5  psec  of  each  other.  The  chronographs  at 
each  station  operate  under  the  control  of  the  sequencer  and  in  conjunction 
with  the  velocity  data  system,  IR  detection  system,  and  the  spark  gap 
assembly.  The  timing  system  in  all  the  chronographs  is  synchronized  to  a 
master  10  Mlz  clock  located  in  the  control  console. 
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l'he  sequencer  provides  the  pulses  listed  below  to  the  chronographs 
at  the  following  times  in  the  firing  sequence:  (1)  -3.5  seconds  -solenoid 
operated  camera  shutters  open  (21  -2.5  seconds  - fiducials  on  (3)  -2.0 
seconds  - clear  (Resets  all  chronograph  counters  to  zero)  (4)  -1.5  seconds- 
start  (counters  synchronized  to  the  master  10  MHz  clock)  (5)  -1.0  second  - 
Fire  (gun  is  fired)  (6)  +3.5  seconds  - shutters  closed  (7)  + 10.5 
seconds  - strobe  transfers  accumlated  time  in  chronograph  counters  onto 
the  film. 

The  velocity  data  system,  located  in  the  control  console,  provides 
a quick  look  velocity  profile  of  the  projectile  immediately  after  launch. 
This  system  receives  pulses  from  the  chronographs  as  the  projectile  passes 
their  respective  IR  detectors  and  then  computes  and  displays  the  velocities 
on  a paper  printout.  The  IR  screen  pulse  is  also  used  to  initiate  a delay 
circuit  contained  in  the  chronographs.  This  delay  is  used  to  compensate 
for  the  time  it  takes  the  projectile  to  pass  the  IR  detector  and  center 
itself  in  front  of  the  reflective  screens.  The  amount  of  delay  is  manually 
set  by  a three  digit  thumbwheel  located  on  the  front  panel  of  the  control 
console.  The  delay  can  be  varied  from  0.1  to  9.99  msec. 

After  the  delay  has  elapsed,  a 12-volt,  50-usec  pulse  is  sent  to  the 
low  voltage  pulser  located  in  the  spark  gap  assembly.  This  same  pulse 
is  used  by  all  other  stations  as  a lockout  pulse  to  prohibit  them  from 
prefiring  due  to  the  triggered  station  spark  discharge  during  the  50  ysec 
period.  This  helps  to  prevent  adjacent  station  interference  in  the  pres- 
ence of  the  high  noise  environment  caused  by  the  spark  gap  discharges. 

The  chronograph  counters  arc  stopped  by  a light  sensing  diode  located 
near  the  spark  gap  port.  Each  chronograph  counts  elapsed  time  from  the 
common  start  pulse. 

Stations  at  the  far  end  of  the  tunnel  will  take  up  to  3.3  psec  longer 
to  receive  the  common  start  pulse  due  to  the  lumped  signal  delays  inherent 
in  the  connecting  cables.  This  time  delay  has  been  measured  at  each 
station  and  is  compensated  for  in  the  data  reduction  programs. 

Four  thumbwheel  digits  located  on  the  chronograph  chassis  are  avail- 
able for  fixed  shot  identification  data  to  be  placed  on  the  film  (Sec 
Figure  5).  A fifth  digit  which  is  hard  Wired  internally  identifies  whether 
the  film  was  from  a wall  or  pit  camera.  The  first  four  digits  arc  common 
to  both  cameras. 

A switch  to  select  the  sensitivity  of  the  IR  system  is  provided  to 
accomodate  the  various  size  projectiles  that  may  be  tested  in  the  tunnel. 

In  the  III  position  a projectile  as  small  as  BB  is  easily  detected. 

The  simulate/high  voltage  pulse  (HVP)  switch  will  normally  be  in  the 
IIYT  position  which  indicates  that  the  counters  will  be  stopped  by  the 
high  voltage  pulses  from  the  spark  gap  assembly.  In  the  simulate  position 
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the  counters  are  stopped  by  a pulse  that  would  normally  be  routed  to  the 
spark  gap  assembly.  With  the  switch  in  this  position  the  spark  gap  assem- 
bly will  not  be  triggered  but  the  velocity  pulse  will  be  sent  to  the  veloc- 
ity data  system  for  computation  of  the  velocity  between  two  adjacent 
stat ions. 

ALIGNMENT  SYSTHM 

In  ballistic  range  testing,  the  time  history  of  the  position  and 
orientation  of  an  object  in  free- flight  is  precisely  determined  at  various 
locations  along  its  trajectory.  In  order  to  obtain  this  precise  position  - 
orientation  history  an  accurate  reference  system  must  be  used.  The 
reference  system  used  in  the  Aeroballistic  Research  Facility  consists  of 
Kevlar®  fiber  bundles  (henceforth  called  wires)  with  reference  beads  po- 
sitioned at  precisely  1 45.72  centimeters  about  1.52-meter  centers  over 
its  entire  length.  Two  Kevlarnvires  are  strung  in  front  of  the  wall-mounted 
reflective  screens  and  two  arc  strung  below  the  ceiling- mounted  reflective 
screens.  With  this  positioning,  two  beads  on  each  wire  are  in  the  field 
of  view  of  each  camera  (Figure  5).  The  range  coordinates  of  each  bead  are 
well  known.  The  relative  positions  of  the  wires  and  therefore  the  beads 
are  maintained  with  the  alignment  system. 

The  major  components  of  the  alignment  system  are  shown  in  Figure  8. 
Numbered  callouts  are  explained  in  legend  for  Figure  8.  They  include: 
four  overhead  endpoint  trusses  labelled  endpoint  truss  position  1,  2,  3, 

;md  4,  three  overhead  midpoint  trusses  labelled  midpoint  sag  posit  ion  1, 

2,  and  5,  a water  level  system,  translators,  a catenary  movement  detection 
system  (henceforth  called  sensors),  a master  catenary  and  the  Kevlar® 
catenary  wires  with  beads.  A complete  description  of  the  alignment  system 
is  presented  in  Reference  3. 

A right-handed  coordinate  system,  where  x is  downrange,  y is  cross- range, 
and  2 is  vertical,  has  been  defined  for  the  range.  The  crossrangc  coordi- 
nate is  defined  with  the  use  of  a master  catenary  which  determines  the 
x- 2 plane.  The  vertical  coordinate  is  defined  by  the  water  level  system, 
using  the  equipotent ial  lines  of  the  earth's  gravity  as  a basis.  The 
water  level  system  determines  the  x-y  plane.  The  first  bead  on  the  lower 
wall  catenary  is  arbitrarily  chosen  as  the  origin  (0,  0,  0)  of  the  range 
reference  system. 

Fach  catenary  wire  is  approximately  70  meters  long.  Therefore,  three 
lengths  of  wire  are  needed  to  span  the  length  of  the  range . As  there  arc 
four  catenary  wires,  the  reference  system  requires  a total  of  12  lengths 
of  wire.  The  three  consecutive  spans  of  wire  comprising  one  of  the  four 
catenaries  arc  coupled  together  by  the  alignment  system  so  as  to  act  as 
one  207.2b  meters  long  wire.  Each  end  of  the  12  lengths  of  wire  is  held 
in  place  witli  a flat  clamp.  This  clamp  is  attached  to  a translator,  or 
a scries  of  translators,  depending  upon  the  wire  being  considered.  The 
translators  are  teamed  with  a series  of  sensors  which  detect  any  movement 
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of  the  catenary  wires  from  their  preset  positions. 

Located  within  each  endpoint  truss  is  an  Invar®  bar,  a low  expansion 
nickel  alloy,  with  calibration  marks  precisely  1 . F>2  meters  apart.  This 
bar  positions  the  ceiling  catenaries  a constant,  arbitrary  distance  from, 
and  parallel  to,  the  plane  of  the  master  catenary.  The  upper  wall  catenary 
at  each  endpoint  truss  position  is  initially  placed  parallel  to,  hut 
some  arbitrary  distance  from,  the  x-;  plane.  The  lower  wall  catenary  is 
placed  in  a position  parallel  to  the  plane  of  the  master  catenary  and 
in  plane  with  the  upper  wall  catenary. 

Tor  endpoint  truss  positions  1,  5 and  4,  one  translator  located  at 
the  end  of  each  truss  accounts  for  any  translator  movement  necessary  to 
keep  the  two  ceiling  catenaries  and  the  upper  wall  catenary  in  alignment. 

A plumb  line  is  dropped  from  a bracket  in  each  endpoint  truss  to  the  floor. 
As  the  truss  is  repositioned,  the  plumb  line  moves.  When  this  plumb  line 
movement  is  sensed,  a translator  moves  the  lower  wall  catenary,  maintaining 
the  catenary  a constant  distance  from,  and  parallel  to,  the  plane  of  the 
master  catenary.  Midpoint  truss  position  J is  similar  to  endpoint  truss 
positions  1,  A,  and  4,  except  a separate  translator  moves  the  upper  wall 
catenary  corresponding  to  any  movement  of  the  plumb  line. 

A water  level  system,  corrected  for  the  earth's  curvature,  is  used 
to  define  the  zero  reference  for  the  vertical  range  coordinate.  Polyvinyl 
Chloride  fl'YC)  tubes  (d.54  centimeter  IP)  are  mounted  on  one  wall  parallel 
to  the  plane  of  the  master  catenary.  This  tube  extends  the  length  of  the 
range.  Sections  are  also  run  parallel  to  the  crossrange  direction,  per- 
pendicular to  the  master  catenary,  inside  all  endpoint  and  midpoint  trusses. 

l'he  plumb  line  dropped  from  the  truss  of  endpoint  truss  position  1 
has  a marker  glued  on  it  near  the  floor.  This  marker- sensor  combination 
is  preset  in  some  arbitrary  initial  position.  Two  sensors,  attached  to  the 
truss,  monitor  any  change  in  water  level  for  span  1 and  span  2.  Any 
change  from  the  preset  position  causes  a pump  to  adjust  the  water  level 
by  adding  or  removing  water.  The  water  level  at  its  preset  position,  de- 
fines an  x-y  plane.  With  the  use  of  a second  marker  on  the  plumb  line, 
a translator  at  one  end  of  the  truss  maintains  the  end  of  the  truss  in  a 
plane  parallel  to  the  plane  of  the  water  level  system.  Another  translator, 
located  at  the  other  end  of  the  truss,  maintains  the  whole  truss  in  a plane 
parallel  to  the  plane  defined  by  the  water  level  system.  A third  and 
fourth  vertical  translator,  located  at  the  lower  wall  catenary  and  upper 
wall  catenary  maintains  those  catenaries  in  positions  parallel  to  the  plane 
of  the  water  level  system  when  the  motion  of  a third  and  fourth  marker  on 
the  plumb  line  is  sensed. 

Midpoint  truss  positions  1,  3,  and  4 have  one  translator  on  either  end 
of  the  overhead  endpoint  truss  which  maintains  the  truss,  the  ceiling 
catenaries,  and  the  attached  upper  wall  catenary  in  a plane  parallel  to 
the  x-y  plane  of  the  water  level.  When  any  motion  of  a marker  on  the 
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ni-m’  1 l,u-' js  sensed,  the  translator  moves  the  lower  wall  catenary  into  a 
1 Luic  parallel  to  the  plane  defined  by  the  water  level  system. 

TK„  Ih'et'  trailslators  are  located  at  midpoint  sag  positions  1 2 and  3 

h I rtr:^lt°[mai,,tains  ;1  VOrtical  Invar®  bar  a constant  arhiSary' 

att  KdoCl  7 1C  pl;“lC  01  the  watcr  levcl  system.  This  bar  positions  the 

er  wall  can narief  ^ measur<f  thc  midP°int  sag  of  the  upper  and  low- 
er wall  catcnai ics.  lwo  more  translators  are  located  along  the  ceil  inn  m 

r :7  ;.POSlt;°n  °‘  thc  scnsors  whk'h  measure  the  midpoint  sag  of 

0 t,  Cf°"ar,es>  a arbitrary  distance  from  tl, online 

01  tne  water  level  system. 

With  the  catenary  wires  in  their  preset  positions  the  midpoint  sag 
sensor  positions  are  set.  The  midpoint  sag  of  each  wire  is  then  monitored 
in  order  to  guarantee  the  same  catenary  curve  at  all  times.  This  then 
maintains  all  reference  beads  in  their  preset  downrange  positions. 

A sensor  on  the  plumb  line  at  endpoint  truss  Position  1 triggers 
a translator  which  keeps  thc  lower  wall  catenary  in  plane  with  the  upper 
three  catenaries.  A translator  located  at  thc  far  end  of  the  truss 
keeps  thc  truss  perpendicular  to  thc  plane  of  the  master  catenary. 

Midpoint  truss  Position  2 contains  the  translators  described  above  and  the 
translators  which  work  off  thc  midpoint  sag  sensors.  At  each  ceiling 
catenary  position  .'ind  each  wall  catenary  position,  catenaries  from  spans 
1 and  2 arc  coupled  by  a translator.  These  translators  move  both  span 
1 and  2 wires  simultaneously.  Endpoint  truss  positions  3 and  4 are 
identical  to  the  above.  They  consist  of  the  translators  which  work  off 
the  midpoint  sag  position  and  2 and  3 sensors  respectively,  and  a trans- 
lator at  thc  far  end  of  the  truss  which  retains  the  truss  perpendicular 
to  thc  plane  defined  by  the  master  catenary. 

Once  in  the  preset  position,  the  translators  at  endpoint  truss  posi- 
tion 1 do  not  move.  The  midpoint  sag  of  each  catenary  wire  is  monitored 
at  midpoint  sag  position  1.  Any  deviation  from  the  preset  sag  sends  a 
signal  to  the  corresponding  translator  at  endpoint  truss  position  2 which 
moves  to  adjust  the  tension  in  the  catenary  wires.  This  change  in  trans- 
lator position  causes  the  sag  position  at  midpoint  sag  position  2 to 
change.  When  this  change  is  sensed,  a signal  is  sent  to  the  translator 
at  endpoint  truss  position  3.  This  translator  moves  to  adjust  the  tension 
in  the  catenary  wire  and  therefore,  maintains  the  preset  sag  positions. 
Finally,  the  sensors  at  midpoint  sag  position  3 detect  a change  in  the 
preset  catenary  wire  sag  position.  The  corresponding  downrange  transla- 
tors at  endpoint  truss  position  4 then  adjusts  the  tension  in  these  cat- 
enary wires. 

Power  to  the  alignment  system  is  normally  off.  Before  each  shot 
is  fired,  the  power  is  turned  on  and  a status  and  control  panel  is  mon- 
itored. Any  translator  movement  initiated  by  thc  sensors,  appears  on 
the  status  and  control  panel  as  a lighted  button.  Therefore,  when  the 
power  to  thc  alignment  system  is  turned  on  and  all  thc  translator  lights 
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on  the  status  and  control  panel  arc  off,  the  wires  and  the  beads  arc  in 
the  present  positions. 

iasfr  l,  id  min  moToc.RAmn:  station 


1'hc  facility  contains  one  laser  lighted  photographic  station  located 
in  the  uprange  end  of  the  instrumented  section,  This  photographic  station 
obtains  four  orthogonal  photographs,  yielding  a complete  360-degree  view 
of  the  projectile  as  it  passes  the  station  on  its  downrange  trajectory.  A 
sketch  of  the  laser- lighted  photographic  station  is  shown  in  Figure  9. 

The  laser  is  an  Apollo  Model  22111)  double  pulsed  Q-switched  ruby  laser. 

In  the  single  pulse  mode  the  laser  has  an  energy  of  four  joules  with  a 
pulse  width  of  approximately  20  nanoseconds  (nsec).  The  pulse  separation 
in  the  double  pulse  mode  may  be  selected  between  1 nsec  and  500  nsec.  The 
energy  in  each  pulse  may  be  chosen  under  the  restriction  that  the  sum  of 
the  energies  cannot  exceed  four  joules  unless  a pulse  separation  greater 
than  100  nsec  is  used  (this  permits  significant  repumping  of  the  ruby  rod). 
The  total  beam  divergence  is  6 milliradians  at  the  half  power  points  and 
the  initial  beam  diameter  is  1.59  centimeters. 

The  initial  laser  beam  is  split  such  that  four  beams  of  equal  strength 
ire  passed  into  each  of  the  four  beam  divergers.  The  beam  divergers  consist 
of  12.7-centimeter  diameter  Fresnel  lenses  which  expand  the  beams  to  about 
46  centimeters  at  the  approximate  range  centerline.  Located  at  about  45 
degrees  from  the  centerline  of  the  diverged  beams  are  four,  high  grade, 
first  surface  mirrors.  A commercial  view  camera  with  a 30. 5 -centimeter 
focal  length  lens  is  positioned  in  front  of  each  mirror  and  focused  approx- 
imately to  the  range  centerline. 

The  triggering  system  used  for  this  station  is  an  infrared  emitter 
and  detector  identical  to  the  ones  used  for  the  shadowgraph  stations. 

Shot  and  camera  identification  information  is  strobed  onto  the  film  prior 
to  loading  the  film  cassettes  into  the  individual  cameras.  The  film  used 
is  10.2  by  12. 7 -centime ter  Kodak  Linagraph  Shcllburst®  f i 1m.  Typical  laser 
lighted  photographs  of  models  in  free- flight  are  shown  in  Figures  10,  11, 
and  12. 

X-RAY  mOTOC.RAmiC  STATION 

The  x-ray  station  uses  a Hewlett  Packard  Model  730-4/2550  flash  x-ray 
system  with  four  remote  x-ray  heads  containing  hard  x-ray  tubes.  1'he 
remote  heads  ;uul  associated  film  holders  c;m  be  configured  into  four  inline 
stations  or  positioned  orthogonally,  on  a light  aluminum  framework  located 
within  the  blast  chamber. 

The  high  voltage  power  supply,  nitrogen  pressurized  high  voltage 
pulsers,  remote  trigger  amplifiers,  ;ind  nitrogen  bottles  arc  located  in 
the  hallway  adjacent  to  the  blast  chamber.  The  projectile  is  detected  by 
a light  screen  or  similar  trigger  device  mounted  on  the  front  of  the 
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aluminum  framework.  The  high  voltage  is  set  remotely  from  the  main  eon 
sole  in  the  control  room.  Appropriate  trigger  delays  are  dialed  in  at  the 
delay  trigger  amplifiers.  Coarse  delays  of  10  usee,  100  usee , 1 msec,  10 
msec,  and  100  msec  can  he  switched  in  and  a precision  10-  turn  he  1 iopot 
adds  in  any  dolav  between  the  coarse  settings. 


Hie  film  presently  being  used  is  Kodak  111'  54' 4 (.lll'X  0M\1)  x ray  film 
in  the  35.0  by  13. 2 centimeters  and  35.0  by  01  centimeters  formats,  The 
film  holders  also  contain  Radelin  II  2 intensifying  screens.  For  quick 


Radiograph  Cassettes  which  u:  t 


\ ray  inspection  there  are  also  four  Hewlett  Packard  "13132  x ray  Polaroid 
Radiograph  Cassettes  which  use  !'\  pe  52®  Polaroid  film  in  the  110.2  hv 
12.”  centimeters)  format.  These  cassettes  also  contain  integral  intensi 
tying  screens,  figure  13  shows  typical  \ ray  penetration  and  operating 
characterist ics  of  the  svstem.  future  plans  call  for  use  of  soft  x rays 
to  provide  optimum  film  contrast  for  low  density  objects  such  as  plastic 
and  nvlon. 


rirriiRf  systims  prisinti'i  in  planning 

At  present,  one  complete  mult i spark'  stat  ion  is  installed  within  the 
facility  and  has  been  used  to  checkout  and  optimize  the  design  concept . 

The  purpose  of  such  a photographic  station  is  to  provide  a high  density 
of  position-orientation  measurements  over  a short  flight  interval.  This 
is  required  in  order  to  define  the  angular  motion  of  an  object  which  has 
a very  high  nutational  rate,  eventually,  five  complete  multispark  stations 
are  to  be  installed.  These  stations  will  be  very  similar  to  the  single 
spark  stations  presently  installed  with  the  exception  of  the  four  spark 
sources  surrounding  each  camera  and  the  size  of  the  reflective  screens. 

The  reflect ive  screens  are  2.11  meters  square  at  id  the  triggering  is 
accomplished  using  the  same  1R  screens  previously  discussed.  When  the 
model  penetrates  the  1R  screen  the  first  pair  of  orthogonal  sparks  is 
discharged  consistant  with  the  delay  corresponding  to  the  expected  velocity; 
timing  data  will  be  obtained  for  only  the  first  pair  of  spark  charges. 

The  remaining  three  pairs  of  sparks  are  discharged  in  sequence,  also  con 
sistent  with  the  expected  velocity.  A perspective  sketch  of  a multispark 
station  is  shown  if  figure  11. 

The  tom-  spark  sources  are  designed  such  that  each  illuminates  onlv 
a 0. o 1 -meter  strip  of  the  reflective  screens.  Therefore,  four  photographs 
are  obtained  on  each  sheet  of  film  and  none  of  the  images  are  double  exposed 
l See  figure  15).  This  system  along  with  the  50  shadowgraph  stations 
previously  mentioned  will  produce  a total  of  ”0  position-attitude  meas 
u foments  as  the  model  traverses  the  instrumented  portion  of  the  range, 
for  a complete  description  of  the  multispark  station  see  Reference  4. 

\ second  svstem  presently  being  installed  is  a data  diagnostic  svstem. 
This  system  which  is  a llolophotal  fquipment  Readiness  Monitoring  Network 
llllRNN),  will  provide  a pretest  and  posttest  evaluation  of  the  status  of 


the  range  instrumentation.  All  of  the  holophotal  instrumentation  previously 
described  provides  crucial  information  for  the  free- flight  data  reduction 
process,  fhe  failure  of  ;inv  one  or  number  of  stations  caused  irrecoverable 
gaps  in  the  data  collection  process.  As  already  established,  each  station 
in  the  ninge  uses  photographic  film  as  the  data  recording  medium.  This 
film  is  removed  from  the  facility,  processed  at  the  ADTC/Parks  Photographic 
Laboratory,  and  returned  to  the  range.  Until  the  film  is  returned  to  the 
ninge  personnel,  no  diagnostic  analysis  of  the  information  on  the  film  can 
be  made  to  identify  holophotal  equipment  failures. 

A typical  shadowgraph  station  has  several  events  which  must  occur 
before  satisfactory  pictures  are  obtained.  F.ach  event  or  binary  coded 
data  (BCD)  point  can  be  analyzed  to  produce  some  diagnostic  information. 

The  major  task  involved  with  diagnosing  problem  areas  is  the  acqui- 
sition ;md  timely  monitoring  of  the  data.  The  solution  to  this  problem 
is  the  implementation  of  the  IILRMN.  The  overall  system  is  identified 
in  block  diagram  form  in  Figure  lb.  The  largest  portion  involves  modifi- 
cation to  the  existing  holophotal  stations  to  provide  party  line  type  inputs 
to  the  tunnel  data  acquisition  unit.  The  interface  system  consisting  of 
data  interface  modules  (DIM)  ;uul  the  tunnel  data  acquisition  control  (TDAC) 
provides  for  interrogation  and  monitoring  of  each  station  before,  during, 

;uid  after  a test  is  conducted,  l-ach  DIM  is  a micro-processor  capable  of 
running  short  interrogation  programs  on  the  station  equipment.  The  infor- 
mation from  the  DIMs  is  stored  in  the  TDAC  which  is  normally  under  control 
of  a HP  JIDDA  minicomputer.  The  computer  may  ask  for  all  or  part  of 
the  data  collected.  The  automatic  data  processing  equipment  (ADIT:)  consis- 
ting of  the  minicomputer  with  5JK  of  resident  core,  a five  megabyte  magnetic 
disc,  and  typical  associated  peripherals,  provides  immediate  and  permanent 
storage  for  the  data  collected  from  the  TDAC. 

Following  the  input  of  all  required  data,  a resident  software  program 
will  perform  a logical  analysis  and  produce  a diagnostic  print  out.  The 
test  engineer  can  then  decide  which  station  or  stations  require  attention 
before  the  next  shot . The  test  engineer  will  also  use  the  information 
produced  to  insure  all  stations  arc  secure  (i.c.,  shutter  closed  before  the 
main  tunnel  lights  arc  turned  on). 

The  TDAC  will  also  provide  a preliminary  velocity  profile  by  collect- 
ing each  pulse  from  the  infrared  detector  screens  and  identifying  each 
event  with  a time  of  occurrence.  The  times  for  each  pulse  arc  sent  to  the 
computer  where  a resident  program  lias  been  loaded  with  the  distance  between 
the  detector  screens.  From  the  times  and  distances,  the  velocities  of  the 
tested  model  are  computed. 

A graphic  terminal  is  used  as  a part  of  the  peripheral  equipment. 

This  Tektronic  produced  storage  scope  provides  normal  tcrmimal  keyboard 
functions  and  a means  of  producing  graphical  plots  of  the  data.  A 
thermal  hard  copy  unit  works  with  the  terminal  to  provide  on  command  perma- 
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neiu  copies  ol'  the  graphs.  Graphs  can  also  he  produced  by  a digital  plotter. 
Permanent  storage  is  provided  by  using  a nine  track  digital  magnetic  tape 
unit,  punched  paper  tape,  line  printer,  or  retained  on  2.5-megabyte  disc 
cartridges  used  in  the  ADPli  disc  unit. 

A third  system  presently  in  the  early  stages  of  development  is  a 
holographic  station.  The  need  to  observe  the  surface  and/or  the  flow  field 
characteristics  of  a test  model  indicates  that  a three  dimensional  means 
of  acquisition  is  required.  Initial  experiments  are  presently  being 
performed  on  a type  of  500- degree  holographic  station.  Most  of  the  work 
has  been  of  a static  nature  in  order  to  build  a data  base  for  the  dynamic 
work.  However,  no  conclusive  dynamic  results  have  been  attained  at  this 
t ime. 


| 
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FILM  RI  FADING 

Fhe  shadowgrams  obtained  during  a test  program  are  read  and  numeri- 
cally coded  by  per sonne 1 of  the  Computer  Sciences  Laboratory.  The  machines 
presently  used  are  manually  operated  optical  film  readers,  as  shown  in 
Figure  \~ . These  machines  are  scaled  to  approximately  138  counts  per 
centimeter  which,  when  used  with  a magni ficat ion  Factor  of  Five,  produces 
an  equivalent  ODD  counts  per  centimeter.  Once  the  Film  has  been  sorted  and 
mounted  on  the  machine,  the  readings  oF  the  points  oF  interest  on  the 
Film  arc  numerically  coded  and  automatically  punched  on  data  processing 
tapes.  Alternate  Film  reading  machines  more  optimumly  designed  For  read- 
ing oF  the  shadowgrams  obtained  From  the  Facility  are  presently  being 
investigated. 

The  points  of  interest  on  each  shadowgram  are:  the  lower  leFt  refer- 
ence bead  (See  Figure  5),  the  lower  right  reFcrence  bead,  the  upper  right 
reference  bead,  and  the  point  or  points  on  the  shadow  oF  the  model  to  be 
read.  The  lower  right  reference  bead  represents  the  origin  of  the  Film 
axis  system  and  the  range  coordinates  oF  this  bead  are  precisely  known. 

The  lower  left  bead  is  read  to  determine  a scale  Factor  (in  the  horizontal 
direction)  relating  the  Film  measurements  to  range  distances.  This  bead 
also  defines  the  horizontal  Film  axis;  whereas,  the  vertical  Film  ;rxis  is 
defined  as  perpendicular  at  the  origin  to  the  line  connecting  the  two  low- 
er beads.  The  upper  right  reference  bead  is  read  only  to  determine  a 
scale  factor  For  the  vertical  direction.  The  position  of  the  shadow  of 
the  model  is  then  determined  relative  to  this  defined  coordinate  system 
and  transformed  into  range  coordinates. 

SPATIAL  POSITIONS  .AND  ORIENTATION 

Once  the  range  coordinates  of  both  orthogonal  shadows  of  a point  on 
the  model  in  space  have  been  determined  From  the  shadowgram,  the  range 
coordinates  of  this  point  on  the  model  are  computed  by  finding  the  closest 
approach  of  two  vectors.  These  two  vectors  are  defined  by  rays  connecting 
the  predetermined  spark  gap  coordinates  to  the  measured  shadow  coordinates. 
Therefore,  the  point  in  space  corresponds  ideally  to  the  intersection  of 
the  two  vectors.  Since  some  measurement  error  is  expected  in  both  the 
shadow  measurements  and  the  spark  gap  locations,  the  two  vectors  will 
not  exactly  intersect.  The  unknown  point  is  therefore  assumed  to  lie 
halfway  along  the  shortest  line  connecting  the  two  vectors. 
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When  determining  the  spatial  position  ;uk1  orientation  of  a model  in 
tree-flight,  the  positions  of  concern  are  those  defining  the  center  of  mass 
of  the  model  and  the  orientation  defined  by  the  direction  cosines  of  the 
principal  axis  of  the  model  and  with  respect  to  the  r;mge  axis  system. 

In  order  to  determine  the  direction  cosines  of  the  principal  axis,  the 
coordinates  of  two  points  lying  on  the  principal  axis  are  determined. 

The  two  points  are  generally  the  nose  of  the  model  and  the  center  of  the 
base.  The  vector  defined  by  the  two  points  and  coinciding  with  the  prin- 
cipal axis  uniquely  establishes  the  direction  cosines.  The  coordinates  of 
the  center-of-mass  are  computed  by  using  the  known  distance  between  the 
nose  of  the  model  ;md  the  center  of  mass  (measured  prior  to  launching) 

;uwl  recognizing  that  the  center  of  mass  lies  on  the  principal  a\is. 
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Aerodynamic  coefficients  are  extracted  from  the  model's  measured  time, 
position,  ;uwl  attitude  histories  by  using  linear  theory  data  reduction 
techniques  of  References  5 ;md  0,  and  the  nonlinear  numerical  integration 
technique  of  Chapman  ;ind  Kirk  (Reference  7).  These  techniques  are  incor- 
porated into  two  independent  data  reduction  digital  computer  programs. 

One  of  these  computer  programs  is  used  for  analyzing  free- flight 
motion  of  more  conventional  types  of  models  (objects  having  at  least 
three  p limes  of  symmetry)  tested  in  ballistic  ranges.  This  program  is  dis- 
cussed in  detail  in  Reference  8.  flic  program  initially  accomplishes  a 
linear  analysis  of  the  rolling,  yawing,  and  swerving  motion  of  the  model 
;md  uses  the  linear  solutions  as  initial  values  for  the  nonlinear  numerical 
integration  technique.  Options  to  the  program  permit  the  user  to  do  only 
the  linear  data  reduction,  if  desired,  or  to  do  both  linear  and  nonlinear 
reductions.  After  individual  data  sets  have  been  reduced  both  linearly 
and  nonlinearlv,  the  program  has  the  capability  of  determining  a common  set 
of  aerodynamic  characteristics  that  best  fit  the  measured  position  and 
orientation  histories  of  up  to  three  separate  shots. 

The  second  computer  program  is  used  for  analyzing  the  motion  obtained 
from  asymmetric  bodies  (objects  having  only  one  plane  of  symmetry)  such  as 
aircraft  configurations  and  some  missile  configurations.  This  program 
parallels  the  procedures  used  in  the  conventional  data  reduction  program. 

The  equations  of  motion  used  were  obtained  from  Reference  9.  Tor  a com- 
plete description  of  this  program  refer  to  Reference  10. 

Roth  programs  are  run  on  a Cl XI  6600  computer  and  the  execution  of 
the  programs  is  controlled  from  a remote  terminal  located  at  the  facility 
(See  Figure  18).  Other  more  advanced  techniques  of  reducing  free- flight 
posit  ion-attitude- time  measurements  are  presently  being  investigated.  Two 
of  the  advanced  techniques  arc  the  Maximum  Likelihood  Method  and  the  Inten- 
ded Kalman  Filter  and  will  be  included  in  the  data  reduction  schemes  if 
they  prove  to  be  advantageous  over  the  present  methods. 
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PRECISION  01  NOASURliMl.NTS 

It  sliou U be  recoin i zed  that  the  precision  to  which  the  spatial  jxisi 
tion  ajul/or  orientation  of  a model  can  be  determined  is  related  to  the  ge- 
ometry of  the  model,  lor  example,  the  range  coordinates  of  a model's  nose 
c;u.  be  more  precisely  determined  if  the  model  has  a sharp,  well  defined 
nose  tip.  Also,  the  orientation  of  a long  model  can  be  obtained  more 
precisely  than  that  of  a short  model  because  the  two  points  on  the  princi- 
pal axis  which  define  the  orientation  are  further  apart  ;md  therefore  any 
measurement  errors  associated  with  the  two  points  have  a smaller  effect. 
This  indicates  that  the  spatial  positions  ;ind  orientations  of  a long 
pointed  configuration  are  better  determined  than  that  for  a short  blunted 
configuration.  Unfortunately,  some  projectiles  fall  into  the  latter  cate- 
gory; however,  most  missiles  and  rockets  are  consistent  with  the  first 
category. 


lhe  present  measuring  capability  of  the  facility  is  approximately 
0.0S  degree  and  U.03  centimeter  respectively  for  the  orientation  and 
position  of  well  defined  points  in  space.  These  listed  values  of  the 
present  measuring  capability  are  not  considered  to  be  the  best  that  can 
be  obtained  from  the  facility.  Because  the  facility  is  relatively  new, 
some  possible  error  sources  have  not  as  yet  been  defined  and  calibrated 
out  of  the  system.  Tor  example,  lens  distortion  effects,  which  are  known 
to  exist,  have  not  been  systematically  determined  and  accounted  for  in  the 
raw  film  readings.  Ibis  effort  is  presently  in  progress  and  will  be  ac- 
complished in  tlie  near  future.  Optimization  of  the  film  reading  process 
is  another  area  where  dividends  in  obtaining  precise  measurements  might 
be  realized.  The  process  of  improving  and  maintaining  the  measurement 
precision  of  this  test  facility  will  be  a continuing  effort. 

SAMTLT  AERODYNAMIC  UATA 


A few  typical  aerodynamic  coefficients  and  derivatives  are  shown  in 
figures  19  ;uid  20.  These  figures  are  presented  in  order  to  indicate  the 
type  of  data  that  c;m  be  obtained  from  the  Aeroballistic  Research  Facility. 
However,  it  should  be  obvious  that  these  are  not  the  only  coefficients  and 
derivatives  that  can  be  obtained.  In  fact,  all  force  ;ind  moment  data,  in- 
cluding their  nonlinearities,  c;m  be  determined  from  the  measured  free- 
f light  motion  patterns  if  these  coefficients  and  derivatives  have  a meas- 
urable effect  on  the  observed  motion  and  if  these  effects  can  be  modeled 
in  the  reduction  routines.  Also,  when  testing  full  scale  configurations 
(which  is  frequently  the  case),  such  added  benefits  as  flow  observation, 
precise  roll  histories,  and  actual  dispersion  measurements  can  be 
invaluable  to  the  analyst  and  test  engineer. 
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Much  of  the  instrumentation  and  techniques  used  in  establishing  the 
Aerobal 1 ist ie  Research  Facility  have  been  significantly  altered  since  the 
conceptual  stage  several  years  ago  (See  Reference  11).  For  ex;unple,  the 
automatic  ninge  calibration  technique  as  discussed  in  Reference  12  and 
mentioned  in  References  1 and  11  has  proven  inadequate.  Alternate  mean-; 
of  calibrating  the  ninge  (determining  the  range  coordinates  of  the  spark 
gaps  and  reference  beads)  have  been  developed  and  are  presently  used, 
these  techniques  are  considered  an  improvement  over  the  conventional 
techniques  previously  used  .md  will  be  the  subject  of  a forthcoming  paper. 
Other  changes  have  also  been  incorporated  into  the  alignment  system,  spark 
gap  design,  and  chronographs. 

Frequently,  when  changes  or  alterations  have  been  made,  they  have 
impacted  the  logic  behind  some  other  aspect  of  the  facility.  For  example, 
when  using  the  automatic  range  calibration  technique  it  was  advantageous 
to  have  the  spark  gap  assembly  mounted  to  the  camera  housing.  However, 
since  the  automatic  range  calibration  procedure  has  been  discarded  it 
would  be  nx3 re  efficient  from  a maintenance  viewpoint  to  separate  the  camera 
;md  the  spark  gap  assembly;  in  fact,  plans  are  progressing  to  accomplish 
this.  Also,  even  before  the  facility  became  operational  it  was  apparent 
that  some  desirable  features  were  lacking  and  the  design  and  installation 
of  systems  such  as  the  multispark  shadowgraph  stations  and  the  I1FRMN 
among  others  were  initiated. 

The  facility  has  only  been  operational  as  of  March  l‘17b.  It  is 
expected  that  innovative  systems  and  techniques  will  be  continually  tried 
and  incorporated  into  the  facility. 


Figure  1.  Aeroball ist ic  Research  Facility 
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Figure  8.  Alingment  System  Sketch 
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Legend  for  Figure  8 


Hndpoint  Truss  Position  1 

1.  Z movement  of  overhead  truss  and  top  wall  catenary;  senses  fluid  level. 

2.  Y movement  of  overhead  truss  and  interconnecting  top  wall  catenary 
senses  master  catenary. 

5.  X movement;  endpoint  adjusting  translator. 

4.  X movement;  endpoint  adjusting  translator. 

5.  Z movement  of  far  end  of  overhead  truss.  Senses  water  level  to  main- 
tain level  of  overhead  wires. 

6.  X movement  of  far  end  of  overhead  truss.  Senses  master  catenary  to 
maintain  truss  perpendicular  to  plane  of  master  catenary. 

7.  X movement;  endpoint  adjusting  translator. 

8.  Z movement  of  endpoint  of  lower  wall  catenary;  senses  marker  on  plumb 
line  from  truss. 

9.  X movement  of  endpoint  of  lower  wall  catenary.  Senses  plumb  line  from 
overhead  truss. 

10.  Y movement  of  endpoint  of  lower  catenary.  Senses  plumb  line  from  over- 
head truss. 

Midpoint  Sag  Position  1 

11.  Z movement  ot  wall  Invar  bar.  Senses  water  level.  Holds  and  positions 
sensors  for  midpoint  sag  measurement. 

12.  Z movement  of  arm  sensing  water  level  and  interconnected  sensor  to 
maintain  a constant  sag.  Moves  endpoint  at  endpoint  truss  position  2. 

13.  Z movement  of  arm  sensing  water  level  and  interconnected  sensor  to 
maintain  a constant  sag. 

Endpoint  Truss  Position  2 

14.  Z movement  of  overhead  truss.  In  addition,  this  device  serves  as  a 
means  of  maintaining  the  water  level  in  link  two  of  the  level  system. 

15.  Y movement  of  overhead  truss;  senses  master  catenary. 

16.  X movement  of  catenary  interfaced  to  midpoint  sag  sensor.  Moves  both 
span  1 and  2 wires. 
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Legend  for  figure  8 (Continued  I 
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ID.  X movement  of  catenary,  interfaced  to  midpoint  sag  sensor.  Moves  both 
span  1 and  2 wires. 

22.  X movement  of  far  end  of  overhead  truss.  Maintains  truss  perpendicu- 
lar to  plane  of  master  catenary.  Senses  master  catenary. 

23.  Z movement  of  upper  wall  catenary.  Senses  marker  on  plumb  line  from 
over  head  truss. 

24.  V movement  of  upper  wall  catenary.  Senses  plumb  line  hung  from  over- 
head truss. 


25.  X movement  of  upper  wall  catenary.  Senses  midpoint  of  span  1 catenary 
;md  moves  accordingly.  Moves  span  1 and  2 wires. 


28.  Z movement  of  lower  wall  catenary.  Senses  marker  on  plumb  line  from 
overhead  truss. 


2D.  V movement  of  lower  wall  catenary.  Senses  plumb  line  hung  from  over- 
head truss. 


50.  X movement  of  lower  wall  catenary.  Senses  midpoint  of  span  1 and  moves 
accordingly.  Moves  span  1 and  2 wires. 

33.  Sensor  reference  for  maintaining  water  level  a const  tint  distance  from 
this  point  while  the  second  pump  system  maintains  a level  height  difference 
of  30.48  cm  ± 0.0025  cm  for  the  other  link. 


Midpoint  Sag  Position 


34.  Z movement  of  wall  Invar  bar.  Senses  water  level.  Holds  and  positions 
sensors  for  midpoint  sag  measurement. 

35.  Z movement  of  arm  sensing  water  level  and  interconnected  sensor  to  main- 
tain a constant  sag.  Moves  endpoint  at  endpoint  truss  position  3. 

36.  Z movement  of  arm  sensing  water  level  and  interconnected  sensor  to 
maintain  a constant  sag. 


lindpoint  Truss  Position  5 

37.  Z movement  of  overhead  truss  and  top  wall  catenary.  Senses  fluid  level. 

38.  Y movement  of  overhead  truss  ;md  interconnecting  top  wall  catenary. 
Senses  master  catenary. 

40.  X movement  of  overhead  catenary,  interfaced  to  midpoint  sensor  for 
midpoint  sag  position  2. 

42.  X movement  of  overhead  catenary,  interfaced  to  midpoint  sensor  for 
midpoint  sag  position  2. 
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43.  \ movement  of  tar  end  ot  overhead  truss.  Senses  master  catenary  to 

maintain  truss  perpend i cu ' a r to  plane  ot  master  catenary. 

11.  mou'vnt  ot  tar  end  ot  overhead  truss.  Senses  waster  level  to  main 
tain  preset  level  ot"  overhead  wires. 

lo.  \ Kuement  ot  upper  wall  wires.  Senses  midpoint  ot'  span  Z. 

1'.  \ movement  of  lower  wall  wires.  Senses  midpoint  of  span  J. 

Is.  movenK'nt  ot  lower  wall  catenarv.  Senses  marker  on  plumb  line  lump 
from  overhead  truss. 

I'd.  X movement  ot  lower  wall  catenarv.  senses  plumb  line  hum;  from  over 
head  truss. 


Midpoint  Sait  Position  3 

31.  movement  of  wall  Invar  bar.  Senses  watet  level.  Holds  and  posi 
t ions  sensors  for  midpoint  sap  measurement. 

3d.  Z movement  of  anti  sons  i up  water  level  and  interconnected  sensor  to 
maintain  a constant  sag.  Moves  end  ini  at  endpoint  tt  iss  position  l. 

53.  I movement  of  arm  ing  w vel  and  - ectcd  sensor  to 

maintain  a constant  sap.  Moves  endp  ■ it  it  eiwlp.'int  : eu:  ■ position  4. 


I iwlpomt  truss  Position  1 


31.  movement  of  overhead  truss  and  top  wall  catenarv.  Senses  fluid 
level . 


1 movement  of  overhead  truss  and  interconnect  mg  top  wall  catenarv. 
Senses  master  catenary. 

3o.  \ movement  ot*  overhead  catenary,  interfaced  to  midpoint  sensor  for 

sp.ui  3. 

3'.  \ movement  of  overhead  catenarv,  interfaced  to  midpoint  sensor  for 

span  3. 


38.  \ movement  of  far  end  of  overhead  truss.  Senses  master  catenarv  to 

maintain  truss  perpendicular  to  plane  of  master  catenarv. 
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Figure  9.  Sketch  of  Laser-Lighted  Photographic  Station 
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It.  Operating  Curve 

igure  13.  Operating  Characteristics  of  the  X-Ray  System 
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Nav  Rseli  bab/Ccxle  2b27 

CAT  Inst  Tech/Lib  Acquisition 

I IQ  PACAb/LCWSb 

USAbTAWC/TX 

AbATb/Pb 

Ab'ATb/Pl.V 

AbATb/PbOII 

I 111  IISAI  b/IXXl 

I 111  I’ACAb/UXlbll 

ll’AC/bibrarv 

ASP/XRP 

USA  I'radoc  Sv>:  Ana  Act 
11(1  IOC/ 1 NAT 
AbATL/PbOPI, 

AbATb/PbVV 

AbATI./Pl.Pb 


* 


INITIAL  DISTRllU/l'ION  (Cone hided) 


AFATL/DLDL  1 ADTC/XRS 

AFATL/DLDA  1 

afatl/dlik;  5 

AITS/ 1 NT  1 

Lawrence  Liveniiore  Lab  3 

Mason  fi  Hanger-Si  las  Mason  Co  2 

US  Army  Arm  Rsch  ()  Dev  CoiikI  2 

Nav  Sea  Sys  Comd  2 

NSWC/Nav  Ord  Lab  1 

NSWC/White  Oak  Lab  2 

HQ  AFLC/Low  1 

.ASD/IiNLSIl  /S.  . Jolins  I 

AFATL/DLI  2 

AFATL/DLA  1 

aittc/six:  1 

AFATL/DLJK  2 

AEDC  2 

General  FTectric  2 

ARAIXDM  5 

COM I PAC/ 1-232  1 

AFATL/DLB  1 

AFATL/DM1  1 

AFATL/DLD  1 

ADI’C/XRB  1 

AFATL/DLYP  1 

AFATL/PLYIV  1 

AFATL  /111  JA  1 

AF'ATL/DI.JW  1 

AI-ATL/DLJC  1 

AFATL/ ULMA  1 

AFATL/PLJF  1 

AFATL/DI^W  1 

AFATL/DLMI  1 

AF'ATL/DLMT  1 

amc/sdf.  1 

ADTC/SD15  1 

ajtfc/six)  i 

A17IC/SD7  1 

AITTC/SD102  1 

AITTC/SD3  1 

AITTC/SD20  1 

ADTC/XRC  1 

aittc/xrg  i 

AHTC/XRL  1 

AITrC/XRl’  1 


